Let Fp(q1,q2) be the B.S. "vertex" function for the bound state with total momentum p, we have from Eq. (7) PpPvf(P~x, ~2) = -a1-;3vI(pox, x2) (10) = I' da eicrp'xu2g(u) (12) (the trace terms do not contribute to I(p*x, x2=0)), The Fourier transform of f(P?.X, x2=0) which is given by cr2g(a) and is nonvanishing for 0 < c1 < 1 --can now be identified with the structure function.
The "vertex" function is defined as the B.S. wave function with the free propagators removed. For a neutral bound state of a particle-antiparticle system in a definite charge conjugation state, Tp(ql,q2) is either symmetric or antisymmetric under the exchange of the momenta of the two particles, for a S-wave C = +l bound state we have:
and rp(ql,q2) is given by: .
being $p(q1,q2) written in the relative momentum of thetwo constituents (ql=k, q2=p-k). The kernel K(k', k) in a generalized ladder approximation is given by: 9
with the property that the asymptotic behavior for large (k'-k)2 is determined by the behavior of o(.X2) for X2 large.
. To simplify the discussion we shall take the kernel in the lowest order ladder approximation as: Let q now be the relative momentum of the two particles in the center of mass system, $(p,q) is given by
with g(z,t) can be chosen to be real. If the mass of the exchanged particle vanishes, g(Z,t)=g(z)6(t) as derived by Wick and g(z) satisfies an integral equation of the Fredholms's type:
EquatiCin (17) can be converted to the following differential equation:
with g(+l)=O, g(-l)=O.
As will be seen below, the behavior of the structure function as x -+ 1 is related to the behavior of g(z) as z -t +l.
In this model, we have as
In particular for the zero energy solution (1%) (20) which can be easily obtained after a Feynman integration over d4k' of the r.h.s. of (14) using the representation (16) for G(p,q) (g(z) should not be confused with the quantities g(u) related to the structure function defined by (11)).
In terms of 6 = + (1+z), we have
The final state vertex function is given by
is not necessarily symmetric around B = i
i.e. E(B) z i(W) * For an S-wave bound state of two identical particles or for an S-wave C = +l state of a charged particle-antiparticle system,
is symmetric around B = $ . In the weak binding limit p2 << p2, g(B) is peaked at 1 1 B = -almost like 6 B --2 ( 1 2 and most of the contribution to Tp comes from this region.
For the C = +l bound state, each particle contributes the same amount to I(p*x, x2). For one particle, we have
By means of the following identities: 
By means of a change of variables
and inserting J6(a-h')dainto (24) we have finally:
The integration over dad-c is restricted to the following region:
Bo + f3I-r < 1 --llCarrying out this integration we finally obtain the expression for
da exp(iup=x)/'p2 dp exp 0 p2-a(l-a)P2)+ i $ 1
x (1-a) 32 (a) (27) with
The integration over dp can be written as: 11
and G(x2,K2) =lm dp exp -ip (-K2 -is)
(30')
The structure function can now be obtained readily by setting x2=0 in (30). The result is
The normalization constant N is determined by the condition which eves We obtain after substitution x + l-x in (28):
where
which is nonvanishing (&ad-r is extended over the region given by (26)).
Hence p(x) is not symmetric. The full expression for F2(x) however is rather complicated. There are also terms like x Rn x and (l-x) Rn(l-x) which go to zero as x -f 0,l.
The'result of a numerical calculation is given in Fig. 3 with F2(x), p(x) and Z(x) calculated as functions of x. As can be seen, p(x) is not symmetric around x = $-and it turns out that each parton carries only 47.5%
of the total momentum. The missing momentum therefore must be due partly to the interaction energy between the constituents.
In general, the solution of Eq. (18) will give g(B) and the structure function is then completely determined. Since g(B)sB(l-8) as B + O,l, the integral Z(x) is well defined. As x -+ 1, only the first term on the r.h.s.
of (29) The physical meaning of g(B) can be seen by looking at (20') for rp (k,p-k) . In the Bjorken's limit k2 -t a, p;k -t m,< k2 = -fixed 2p.k , we have: These analyses show that the behavior of g(B) as B -f 0,l is determined by the Bjorken limit of the B.S. wave function which is given by the leading light cone (x2=0) singularities and by the region 5 -t 1.
The behavior of the electromagnetic form factor F(q2) at large momentum transfer q2 is also determined 16 by the behavior of g(B) as B -+ 0,l.
Hence the relation between the form factor at large q2 and the structure function as x += 1 is clearly visible through the behavior of g(B) as B -+ 0,l.
So far we have presented a detailed relativistic calculation of the structure function of a S-wave bound state system of two spinless bosons interacting via the exchange of a massless boson in Q3 theory. If the exchanged particle has a non-vanishing mass, the expression for F2(x) is now rather complicated and no simple form can be found. We have:
(38') (integration over dadr is carried out in the region defined by Eq. (26) Let ql, q2 be the momenta of the two particles, the fermion-antifermion B.S. wave function in momentum space is defined as:
The pseudoscalar character of the bound state has been explicitly displayed by the factor y5.
~p ( 
which can be shown to be related to JI (q ,q > using PT invariance. P 12
We have for a negative parity state:
$(q2,q1) = -(CY5)
T T JI (41.42)(CY5) (42) where C is the charge conjugation matrix.
The We have:
For the scalar term (no y matrix), the trace is given by 
The first term in Eq. (47) g ives rise to a structure function proportional to x, it is obtained from the quantity Il(p*x,x2) defined as
Using (48) for S, we obtain:
XL-~ dp/-dodT u2 exp fip(m2-u(l-cc)p2) + i $1
where (55) The contribution from the terms with 4, d2, dl and d2 can be obtained in 
